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Urinary Tract Infection

Antibiotic-sparing Therapeutic Revolution



Highlights an urgent need to 
develop a vaccine and new 

and better therapeutics



Global epidemiology of fluoroquinolone resistance in UPEC



Percentage of Antibiotics Prescribed 

Annually

(United States 2007-9)

Infection
% Antibiotic 

Prescribed

Respiratory 41%

Skin/Mucosal 18%

UTI 15%

Global epidemiology of fluoroquinolone resistance in UPEC

Women’s health is intricately intertwined with the 
spread of antibiotic resistance



DRUG RESISTANCE INDEX
DRI provides an aggregate trend measure of the effectiveness of available drugs.

The index for UTIs shows the number of infections facing 
treatment difficulties has been increasing since the mid-2000s 
due to the rapid spread of resistance among Gram-negative 
organisms (such as E. coli) that are the primary cause of UTIs.



UTI: The Unmet Need

• Over 15M women suffer from UTIs per year 
with cost over $2.5 billion

• Chronic/Recurrent 

• Multi-drug resistant bacteria

• Lead to inadequate treatment options

• CA-UTI adds $1 Billion to US healthcare costs

• Abx resistance is intricately intertwined with 
women’s health

• In
•



UTI risk: matching urovirulence phenotypes with dynamic host 
susceptibility determinants

• UPEC occupies diverse habitats 

(gut, bladder,  kidney, etc.) and 

each has unique sets of colonization 

requirements (“Locks”)

• UPEC strains contain variable sets 

of fitness factors (“Keys”) enabling 

colonization depending on the host

• Colonization and persistence 

occurs when a "Lock" is opened by 

the matching “Key.”

• The shape of Locks can change 

based on history, genetics, and 

behavior.

• UTI Complexity Results from 

Diversity at the Bacterial-Host 

Interface

.



Bacterial Attachment



Pili allow bacteria to stick around

• Plague

• Pneumonia

• Cystic Fibrosis

• Biofilms - Wound Infections

• Food-Borne Illness

• Ear Infections

• Whooping Cough

• Urinary Tract Infection

• Catheter Infections

• Heart Infections (Endocarditis)

Pili used by diverse human pathogens



FimH-Mediated binding of E. coli to bladder

Type 1 pili are tipped FimH

FimH-mannose



UPEC form Intracellular Bacterial Communities (IBC)

MOLECULAR VELCRO



Bacterial Communities Escape Attack 
by Immune Cells



Uropathogenic E. coli (UPEC) infection of the urinary bladder has distinct 

acute and chronic phases



History of UTI is among the most significant risk factors

UTI pathogenesis has exclusively been studied in naive mice, but may not reflect rUTI pathogenesis.



Investigate how prior history of UTI impacts 

the pathogenesis of rUTI

Valerie O’Brien



Investigate how prior history of UTI impacts the 

pathogenesis of rUTI

Naive



Investigate how prior history of UTI impacts the 

pathogenesis of rUTI

Naive Sensitized



Investigate how prior history of UTI impacts the 

pathogenesis of rUTI

Naive Sensitized

Resolved



History of infection sensitizes recurrent UTI 

Naive Sensitized

Resolved



History of infection sensitizes recurrent UTI 

Naive Sensitized

Resolved

Resistant

Bladders are remodeled through sensitization

Valerie O’Brien, Tom Hannan



Defect in Terminal Differentiation

Bladders are remodeled through sensitization



Defect in Terminal Differentiation

Spenser Souza

Cathy L. Mendelsohn



Defect in Terminal Differentiation



An infection can leave a molecular imprint on the bladder 
sensitizing it to 

rUTI

Naive Sensitized Resolved

Lipid metabolism
Protease Inhibitors

Cell-cell junctions/ECM
Cytoskeleton

Oxidative stress
Tissue morphology

Cellular development
Cellular growth and proliferation

Suggests that the “sensitized” 
bladder epithelium is more 

sensitive to neutrophil damage as 
a consequence of inflammation



This molecular imprint predisposes to rUTI
Naive Sensitized

6 hr

Sensitized

24 hr

Sensitization (caused by prior 

infection) leads to long-lasting 

remodeling that increases 

vulnerability to subsequent 

infections.



Altered host-pathogen interactions - 
Colonization resistance 



Enhanced COX-2 Expression in Sensitized Mice



Cox1-Constitutively Expressed by many

Cells/Tissues 

Cox2-Typically Induced by Inflammation

Pharmacological 

Intervention: NSAIDs



Clinical Data and Biomarkers Suggest that an Over-
exuberant Inflammatory Response Predisposes to 

rUTI.

Dexamethasome Protected Against Chronic Cystitis

Question: Could Immunomodulatory Therapy Alone 
Alter the Outcome of rUTI?



COX-2 Inhibitors Protect against rUTI



2 Inhibition Suppresses Epithelial Transmigration by 

Neutrophils and Bladder 
Mucosal Wounding

Indomethacin (Indo): inhibits both COX-1 & 2
SC-236 selectively inhibits COX-2
SC-560 selectively inhibits COX-1 Tom Hannan





An infection can leave a molecular imprint on the bladder 
sensitizing it to 

rUTI



NSAIDs can protect against recurrent infections

Sensitized Sensitized

By understanding the mechanisms underlying host susceptibility to recurrent infection we have discovered potential avenues for improved therapeutic approaches to prevent recurrence. 





What are the population dynamics of UPEC in the gut before, during, 
and after UTI?

How does the gut microbiota influence UTI susceptibility?



Role of the Human Microbiome

Molecular basis of the gut-urinary 

tract axis in urinary tract infection



UMB Cohort, Study Design, and Collections

Cohort Recruitment

14 x

Women with
frequent

recurrent UTI (rUTI)
>3 UTI in past year

No recent Abx

No chronic illnesses

No urological abnormalities

14 x

Demographically-
matched

Healthy Controls
0-1 UTI in lifetime

No recent Abx

No chronic illnesses

No urological abnormalities

Total Collection:

387 fecal samples

47 urine samples

47 blood samples

19x UTI events

12 Month Longitudinal Study Design
Collections at:

1. Enrollment

2. Monthly Time Points

3. UTI Episodes

4. Post Antibiotic Treatment



Thus, rUTI appears to be one of the growing number of human diseases 

associated with imbalance of complex microbial GIT communities.





Allows UPEC Expansion: Seeds rUTI



Gut Reservoir

Caitlin Spaulding



Chaperone-usher pathway pili (CUPs)

Gut colonization



STM Model of UPEC GIT Colonization

Gut Microbial Community

Caitlin Spaulding



UPEC Fitness Factors in GIT Colonization

Yfc Yeh Yad

P Yqi S

Mat Type 1 F17-like



FimH binds N-linked Oligosaccharides of the Upper 
Crypts

Segolene Ruer



UclD binds O-linked Oligosaccharides of the Lower 
Crypts

Crypt colonization provides a less competitive environment with regards nutrient 
competition with the microbiota in the lumen.



F17-like Pili Restricted to Extra-intestinal E. coli

‣ 11% of all E. 

coli but 50% of 

B2 strains



B2 UPEC acquired F17-like pili from intestinal pathogens



UclD has same structure as F17G

Roger Klein, Han Remaut





• Translate basic science advances into new and 
better antibiotic-sparing therapeutics

• Antibiotic resistance rising at an alarming rate

• Reaching a tipping point



Development of Anti-Virulence Therapeutics

• Mannosides

• UTI vaccine

• FmlD inhibitors

• PapG inhibitors

• Pilicides (Assembly)

• CAUTI vaccine

Need Antibiotic-Sparing Agents



Molecular Basis of FimH Vaccine



Molecular Basis of FimH Vaccine
Anti-FimH Antibodies Inhibit Function of FimH

Anti-FimH Antibodies



Anti-FimH Antibodies Inhibit Function of FimH

Anti-FimH Antibodies



Phase 1A/1B FimH Vaccine Study





Pre-FimH Immunity

8 months (Day -30 to Day 210)



“First compassionate use patient: Prior to achieving FimH-Immunity, she had >20 recurrent UTI in about 2 years despite antibioti



Mannosides Target Attachment, 

the First Step in the Pathogenic Cycle

FimH-mannose FimH-mannoside

Rationally Designed Mannosides to Make High 
Affinity Interactions with FimH

Lead Mannosides have >1,000,000 Times Increased 
Affinity for FimH over Mannose

Mannosides Effectively Block Bacterial Binding to the 
Bladder Fimbrion-GSK



The Opportunity:  Mannosides as Therapeutics

Bacteria Bind to Cells,

Causing Infection

Mannosides Block FimH Mediated Binding, 

Preventing Adherence and Invasion into 

Bladder Epithelium

Moving our lead 
compounds into 
clinical trials 



Mannosides bind with high affinity to FimH
to block colonization and invasion



Mannosides bind with high affinity to FimH
to block colonization and invasion



The Opportunity:  Mannosides as Therapeutics

Bacteria Bind to Cells,

Causing Infection

Mannosides Block FimH Mediated Binding, 

Preventing Adherence and Invasion into 

Bladder Epithelium

Moving our lead 
compounds into 
clinical trials 

Caitlin Spaulding



Mannosides leave microbiota structure in tact





Mannosides Selectively Deplete Reservoir while 
Simultaneously Treating UTI Treating UTI

Gut Reservoir UTI



Tree of Pathogenic Bacteria

We are hoping to 
revolutionize the 
way bacterial 
infections are 
treated through 
dissection of the 
host-pathogen 
interface to 
produce antibiotic-
sparing 
therapeutics.



Disclosure
I am a part owner of Fimbrion and may financially 

benefit if the company is successful in marketing the 

mannosides. 
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The type 1 pilus has been “fine-tuned” through evolution to 
balance conservation of its “spring-like” function with 

diversification of its exterior surface.
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